It has now become very probable that the rigidity spectra of various nuclei in the primary cosmic radiation are similar to each other; especially the existence of their maxima all at a rigidity of around 1.6 GV as well as their gradual decreases towards lower rigidities are noticeable. I ) When we regard these features as being caused outside the solar influences (for the discussions of the other possibility see reference 1», we can impose certain important restrictions on the possible mechanisms effective in producing the primary cosmic radiation.
In order to obtain a spectrum such as observed from one of thermal type which, in the energy region under consideration, increases monotonously towards lower energies, a mechanism is needed to cut-off the lower energy part of the latter. This process, called B hereafter, has to act together with some acceleration process A. From the approximate coincidence of the maximum positions in the rigidity spectra of the primary p, a and C, N, 0 components, it is quite natural to assume that the effects of both A and B on the primary cosmic ray particles depend mainly on the magnetic rigidity of the particle. Since the B process is more responsible than the A process for the occurrence of the maximum, we discuss some possibilities of the B process.
First of all, it can be coniectured that the processes responsible for the observed spectrum shape cannot be operative uniformly over the entire Galaxy, since the overall average matter density is very low and only the ionization loss acts as the predominant B process. We, then, get the results in conflict with the observation as has been argued in reference 1).
We thus have to consider certain spatially limited regions of our Galaxy, called active regions hereafter, as the places where A and B processes operate, the latter taking part in modifying the spectrum from that inside the active regions. The next question is whether the observed spectrum is in a steady state or in a transient one. When we consider the fact that we are observing a cummulative effect over a very long period, we arrive at the conclusion that a certain B process is operative steadily in some active regions of our Galaxy.
One of the B processes of the required type may be the absorption in the active region c-ombined with the temporary confinement of the particles by, for instance, magnetic clouds, by which the spectrum of emitted particles is modified from that of confined ones. This type of B process has been shown 2 ) to modify the spectrum to some extent in the case of the Forbush decrease. Since the association of some celestial body with the active region is quite conceivable, we exploit this possibility a little further. This is, in fact, the case in the solar production of cosmic rays, and a similar situation may be considered as responsible also for the substantial part of the galactic cosmic radiation, if we refer to the speculations that the extended atmosphere of red giant and super giant stars S ) or the shocks taking place between pairs of binary stars 4 ) could be conceivable local sources.
We now describe qualitatively how effective the B process is in the accelerating region containing absorbers, leaving a quantitative study to a forthcoming paper. The particles trapped in this region undergo the scattering by turbulent magnetic fields In the course of acceleration and are lost out of this region by escape or the absorption. Taking the linear dimension of this region as L and the scattering mean free path as I, we estimate the mean time for escape of the particles of velocity v as t. ~
Vllv.
Since the particles of lower rigidities, hence of shorter I's, stay longer in the region, they have more chances to hit the absorbers. Therefore, we can expect the B process that preferentially cuts out the particles of low rigidities. In order to see if the absorption is effective enough, we estimate the mean lifetime for the absorption. If the particles are trapped in a volume of V in which there are absorbers with an effective cross section of S, the mean absorption time is obtained as ta ~ VI Sv.
The ratio of t. to ta, t./ta~SILI, shows how the B process becomes effective as the rigidity decreases.
In the extended atmosphere of the giant stars S may not be much smaller than L 2, so that t./ ta seems to be large enough. In the binary star system, S may be as small as 10-4 V, so that only too small a value of I can give a large enough value of t.lta. It is interesting to note that the particles thus absorbed may be responsible for the generation of light elements, as has been shown in § 4 of reference 3). In this respect our model seems to get an independent support. It should also be remarked that the acceleration process taking place together with the above B process does not have to be an unrealistic one. For example, the rate of energy gain may be such that it stays low in the lowest energy region, then increases with energy linearly or so and levels off at high energies.
Such an energy dependence is quite reasonable and may be accounted for in terms of the betatron mechanism and its realistic modifications.
In addition to the simplest model above, there are some other possibilities, if we assume special A processes. One of them is a combination of A and B processes in such a way that the particles accelerated from a low rigidity drops out of the acceleration rather rapidly and only a small part undergoes an efficient acceleration, so that they reach high rigidities without appreciable loss. Then the acceleration stops at a certain rigidity; consequently the particles accumulate just below this limiting rigidity. Such a mechanism may be operative in the so-called magnetic mirrors.
A more special and probably unrealistic mechanism is the resonance acceleration such as the one proposed in Appendix V, (iv) of reference 3). This certainly produces a valley in the rigidity spectrum.
